Riparian forest is protected under federal legislation in Brazil. In the Amazon Basin, numerous streams and rivers provide huge potential for increasing the conservation value of deforested and fragmented landscapes through the protection of linear remnants along watercourses. However, the potential of such remnants to be used as faunal habitat and possibly as movement corridors has never been fully investigated. We surveyed small mammal and litter-frog communities in linear remnants of primary rainforest ranging from 140 to 190 m in width, and in adjacent continuous rainforest, to compare their species richness, composition, and abundance. No signi®cant dierences were found in any aspect of community structure or species abundance. This suggests that linear remnants along watercourses provide suitable habitat for at least some forest vertebrates, a conclusion reinforced by the fact that many frogs and small mammals were found reproducing and moving in the remnants. These results highlight the potential of linear remnants to serve as habitat for small forest vertebrates and suggest they could function as corridors for some species to increase landscape connectivity. #
Introduction
Rates of deforestation in the Amazon Basin have increased alarmingly in recent years (INPE, 1998) , leading to rapid fragmentation of forest cover (Skole and Tucker, 1993) . Habitat fragmentation dramatically alters forest dynamics (Lovejoy et al. 1986; Laurance et al., 1998a) and microclimatic variables like light, humidity, and wind near forest edges (Kapos, 1989; Murcia, 1995) , which in turn alter plant and animal distributions (Lovejoy et al., 1986; Brown and Hutchings, 1997; Didham, 1997; Ferreira and Laurance, 1997; Kapos et al., 1997; Malcolm, 1997; Tocher et al., 1997; Carvalho and Vasconcelos, 1999) . In the Amazon, many faunal groups are negatively aected by forest fragmentation (Rylands and Keuroghlian, 1988; Bierregaard and Stouer, 1997; Brown and Hutchings, 1997; Malcolm, 1997; Tocher et al., 1997) .
For forest fragments, the degree of isolation will determine, in part, the severity of changes in community composition (Laurance, 1991; Gascon et al., 1999) .
Increasing or maintaining landscape connectivity can reduce species extinctions and prevent inbreeding depression in isolated fragments (Noss, 1987; Bennett, 1990; Henein and Merriam, 1990; Mee and Carrol, 1994; Laurance and Gascon, 1997) . Linear remnants of vegetation, such as riparian corridors, hedgerows, and gallery forests (Forman, 1997) , may help maintain some level of connectivity in fragmented forest landscapes.
Much debate revolves around the eectiveness of faunal corridors (Simberlo and Cox, 1987; Noss, 1987; Simberlo et al., 1991; Hobbs, 1992) . A key criticism against corridors is the relative lack of empirical work demonstrating their eectiveness in increasing connectivity, but several recent studies have addressed this issue. DeMers (1993) observed ants (Pogomymex occidentalis) using roadside ditches to disperse during a drought. Ant-following birds were observed in a 100-ha forest fragment in the Amazon while it was connected to continuous forest by a 2 km-long corridor (Lovejoy et al., 1986) , but when the corridor was severed, the birds disappeared. Bentley and Catterall (1997) found no dierences in the density of bird species between linear remnants and continuous forest in southeastern Queensland, suggesting that remnants provided useful bird habitat. Studies in Australia, North America, and Europe have recorded volant and nonvolant small 0006-3207/99/$ -see front matter # 1999 Elsevier Science Ltd. All rights reserved. P I I : S 0 0 0 6 -3 2 0 7 ( 9 9 ) 0 0 0 8 4 -1 Biological Conservation 91 (1999) 241±247 www.elsevier.com/locate/biocon mammals in linear strips of vegetation of diering sizes and widths, and posed recommendations for corridor design (Bennet, 1990; Lindenmayer and Nix, 1993; La Polla and Barrett, 1995; Ruefenacht and Knight, 1995; Andreassen et al., 1996a,b; Downs et al., 1998; Laurance and Laurance, 1999) . Riparian areas in Illinois were also surveyed to assess their use as a dispersal corridor for frogs and lizards (Burbrink et al., 1998) . In the central Amazon, long-term studies of small mammals and frogs have revealed that species vary considerably in their responses to fragmentation (Malcolm, 1997; Tocher et al., 1997) . Surprisingly, both groups actually increase in species richness after fragmentation, a result mainly attributed to the establishment of opportunistic species associated with modi®ed matrix habitats (cattle pastures and regrowth forest) in fragments (Tocher et al., 1997) . Some nominally forestdependent species can move through the disturbed matrix (Malcolm, 1997; Tocher et al., 1997; Gascon et al., 1999) , while others are likely to require primary forest for movement. The goal of this study was to assess the conservation value of linear riparian remnants in a deforested Amazonian landscape, by comparing the community composition of small mammals and litter-dwelling frogs between linear remnants and adjoining areas of continuous forest. If the communities in remnants represent a biased or depauperate subset of those in continuous forest, then their eectiveness as habitat and potential movement corridors may be quite limited.
Methods

Study area
Field work was carried out within the experimental landscape of the Biological Dynamic of Forest Fragments Project (BDFFP), located 70 km north of Manaus, Brazil (Lovejoy et al., 1986; Bierregaard et al., 1992) . Forest in this area is terra ®rma (not seasonallȳ ooded), ca. 50-100 m elevation, and has very high tree species diversity (Rankin- de-Merona et al., 1992) .
The experimental design consisted of paired sites of linear streamside remnants and adjoining areas in continuous forest along the same stream. Adjoining sites were used as controls to minimize the eects of patchy species distributions. Four pairs of sites were sampled for small mammals and litter frogs (Cidade Powell, Florestal, Ponta Verde, and Area 51; Fig. 1 ). The remnants, which varied from 15 to 19 years in age, are primary forest retained by ranchers along small streams (<5 m width) when the surrounding forest was clearcut in the early 1980s. Most are now surrounded by regrowth forest (mainly dominated by Cecropia or Vismia spp. ), but all remain linked to continuous forest. The remnants average 1225 m in length and 168 m in width, and have hilly topography (Table 1) .
Small mammal sampling
Small (<2 kg) mammals were sampled by live-trapping March±July and October±December, 1997. Five transects running parallel to the stream were established in each remnant and in the adjoining continuous forest. Forest and remnant transects were >100 m apart. Tomahawk traps of two sizes (ten 16Â5Â5 inches and ten 20Â7Â7 inches) were placed in an alternating sequence at 25 m intervals along each transect. Additionally, one Sherman trap was placed 2±3 m from each of the large Tomahawk traps. Traps were baited with peanut butter and bananas and run for eight consecutive nights, resulting in 9600 trap-nights of total eort. Site pairs (remnant-continuous forest) were sampled in consecutive weeks. Traps were checked during early morning and each animal was identi®ed, ear tagged, and released.
Litter-frog sampling
At each site, a 375 m-long transect was used to sample litter frogs using 20 evenly spaced 5Â5 m litter plots (Gascon, 1996) . Forest and remnant transects were >100 m apart. A total of 160 plots were sampled. Plastic-mesh fences of 50 cm height were initially placed around the selected plot, and the area within the fence was carefully searched by two people for litter frogs. All frogs were identi®ed and released. Paired sites were sampled consecutively.
Statistical analysis
For both small mammals and frogs, paired t-tests were used to compare species richness and total abundance between linear remnants and continuous forest. Abundances of the most common small mammal (Didelphis marsupialis, Metachirus nudicaudatus, Philander opossum, Proechimys sp., Oryzomys megacephalus) and litter-frog species (Adenomera andreae, Eleutherodactylus fenestratus, Colosthetus stepheni, Dendrophryniscus minutus) were also compared between treatments using paired t-tests.
For each faunal group, dierences in species composition between linear remnants and continuous forest were tested using ANOSIM (Clarke, 1993) , using the PATN program (Belbin, 1991) . This test uses the ratio of the average dissimilarity between groups to the average dissimilarity within groups to determine whether groups of sites with similar species composition exist (Belbin, 1991) . In this case, we tested for the existence of distinctive``remnant'' and``continuous forest'' groups.
An ordination analysis using Detrended Correspondence Analysis (DCA) was performed on each faunal group to illustrate relationships between sampled localities. Species captured only once were excluded from these analyses. The Sorensen index was used to generate similarity matrices, using the statistical package PC- ORD (McCune and Metford, 1995) .
Results
Small mammal richness and abundance
A total of 115 individuals of 14 mammal species were captured (Table 2) . At least two Proechimys species were captured (P. cuvieri and P. cayennensis) but were lumped in the following analysis because of diculties in ®eld identi®cation (Malcolm, 1991) . D. marsupialis and M. nudicaudatus were the most common species, occurring at seven of eight sites and representing 43% of all captures. No signi®cant dierence was found in species richness or abundance of the most common species between remnants and continuous forest ( 
Mammal species composition
The ANOSIM failed to identify any group structure based on the species composition (F=0.94, P=0.78), indicating that small mammals communities in forest remnants could not be distinguished from those in continuous forest.
The ordination analysis revealed two gradients in species composition, with axis 1 describing a gradient in abundance of P. opossum, and axis 2 re¯ecting variation in Marmosa murina and Micoureus demerarae (Table 3) . No natural grouping of sites according to treatments was apparent (Fig. 2) .
Frog richness and abundance
We captured 231 individuals of 12 frog species (Table  2) . C. stepheni and A. andreae represented the majority of captures (40 and 33%, respectively) and occurred in all eight sites. E. fenestratus, C. marchesianus, Atelopus pulcher, and D. minutus collectively represented 22% of captures, while Eleutherodactylus zimmermanae, Leptodactylus rhodomystax, L. mystaceus, Bufo typhonius, Hyla minuta, and Synapturanus sp. occurred at only a single site and were each represented by just 1±2 individuals. Neither species richness nor the abundance of the most common species diered between treatments ( Table 2) .
Frog species composition
The ANOSIM failed to detect evidence of distinctive groupings of forest and remnant frogs (F=0.91, P=0.97), again indicating that community composition of linear remnants was not systematically dierent from that in continuous forest. The ordination also did not reveal any grouping according to treatments (Table 3 ; Fig. 2 ). However, some pairs of adjoining sites did appear to be similar in composition. The remnant and continuous-forest site at Ponta Verde, for example, had a similar species composition, as did the paired sites at Area 51.
Discussion
The linear remnants surveyed in this study were not retained for the purpose of protecting wildlife, but rather for watershed conservation. Although considerably wider (140±190 m) than is required by Brazilian legislation (minimum of 60 m for streams of under 10 m in width; Laurance and Gascon, 1997) , these remnants were still vulnerable to physical and biotic edge eects, which have been detected up to 200±300 m from forest margins (Brown and Hutchings, 1997; Malcolm, 1997; Laurance and Bierregaard, 1997; Laurance et al., 1998a; Stevens and Husband, 1998) . The fact that we detected no consistent dierences in species richness, composition, or abundance for litter frogs and small mammals, however, suggests that edge eects in remnants of moderate width (140±190 m) were tolerated by these taxa. Interestingly, species such as Calouromys philander and Atelopus pulcher, which appear sensitive to habitat disturbance and fragmentation (Malcolm, 1991; Tocher, 1998) , were detected in linear remnants in this study. Nevertheless, as a group, small mammals and frogs are less sensitive to fragmentation than many other vertebrate groups, and a number of the species captured in this study can also use the matrix of mod-i®ed habitats surrounding fragments (Gascon et al., 1999). It should also be noted that the linear remnants we studied were directly linked to nearby continuous forest, and thus would be analogous to short (<1 km long) corridors.
Our results suggest that linear remnants of moderate width could have important conservation value in the context of a deforested landscape, at least for some smaller (<2 kg) forest vertebrates. The remnants probably function as movement corridors and breeding habitat for some species. For example, we recorded marked individuals of D. marsupialis, P. opossum and M. murina moving between remnants and adjoining continuous forest, while the presence of juvenile M. nudicaudatus, D. marsupialis, and P. opossum in some remnants (de Lima, 1998) suggests that these species were reproducing there. Frogs of several species (C. stepheni, E. fenestratus, and D. minutus) were also heard vocalizing in remnants, which is a good indicator of mating activity. Likewise, in tropical Queensland, some arboreal mammal species were commonly observed with young in linear rainforest remnants (S. G. Laurance, 1996) .
The design of faunal corridors will depend on the species of interest and local context. For example, Andreassen et al. (1996a,b) showed that voles (Microtus oeconomus) could move quite easily through very narrow corridors (<0.5 m). In tropical regions, however, much wider corridors will be needed, both because many tropical species are forest-interior specialists (e.g. Lovejoy et al., 1986; Bierregaard et al., 1992; Laurance et al., 1998b) and because closed tropical forests are very prone to physical and biotic edge eects (Laurance and Bierregaard, 1997; Carvalho and Vasconcelos, 1999) . In these ecosystems, remnants of at least 200±300 m width may be necessary to facilitate movements of some sensitive species (Laurance and Gascon, 1997; Laurance and Laurance, 1999) , and even greater widths may be needed for long (>5 km) corridors. In addition to providing forest-interior habitat, wider remnants have greater spatial heterogeneity, oering a broader array of microhabitats which is often correlated with greater species richness (Lindenmayer and Nix, 1993; Mee and Carrol, 1994) .
There is a great need to improve outdated legislation in Brazil to require the retention of wider (200±300 m) linear remnants along streams and rivers (Laurance and Gascon, 1997) . There is also an urgent requirement to increase enforcement of existing legislation, which is often ignored by landowners. Educational initiatives are direly needed at all levels Ð from landowners to resource-managers to policymakers Ð to improve understanding of the key importance of retaining riparian vegetation in deforested landscapes. Given the explosive pace of development in the Amazon (Laurance, 1998) , proactive initiatives to manage the deforestation process could go a long way toward maintaining some level of ecosystem connectivity in human-dominated regions.
